THE ascorbic acid and glutathione content of the liver during the early stages of cancer production with hydrocarbons has been the subject of several investigations. In 1938 Boyland and Mawson found that 3:4:5:6-dibenzcarbazole in doses of 0.25-0.5 mg. per 20 g. mouse produced a rise in glutathione content which was maximal during the first 20 days after injection. No change was observed after 2 mg. 1:2:5:6-dibenzanthracene or 1 mg. methyl-cholanthrene. None of these compounds induced any change in the ascorbic acid content of the liver. Kennaway, Kennaway and Warren (1944a) concluded from observations on several carcinogenic and non-carcinogenic hydrocarbons that the former increase the ascorbic acid content of the liver of mice whereas the latter do not. There were no changes in glutathione content. The interval between the injection of the hydrocarbon and the examination of the liver was short, in most instances less than 20 days. In a later paper Elson, Kennaway and Tipler (1949) give data of experiments in which 1:2:5:6-dibenzanthracene (500 mg. per kg., intraperitoneally) was given to rats on diets with different protein contents. They observed an increase in liver ascorbic acid in each group during the first three weeks.
The above experiments were carried out during the early period after the administration of the carcinogenic hydrocarbon. Recently an opportunity arose of examining the ascorbic acid and glutathione contents of livers from rats bearing sarcomata as a result of 1:2:5:6-dibenzanthracene administered some nine months before. These data show that, compared with a control group of rats, the ascorbic acid content of the liver is unchanged, but the glutathione content is significantly raised.
The animals were male albino rats which had been injected with 1:2:5:6-dibenzanthracene and fed on adequate diets supplemented in some cases with choline hydrochloride. Details of this treatment are given in the preceding paper (Cook and Schoental, 1949) . Nine months after the beginning of the injections the rats were given to me by Professor Cook and Dr. Schoental. A control series of rats were kept under the same conditions but were not injected. Some of these animals were given choline in their drinking water for one week before slaughter.
The rats were fasted 18 hours, and then killed by a blow on the head, and the liver was rapidly removed and also the tumour was dissected out. These were at once taken to the cold room, weighed, ground with sand and freshly prepared 5 per cent metaphosphoric acid. From this stage onwards the ascorbic acid determination was carried out with 0.010 per cent 2:6-dichlorophenolindophenol according to the method of Kennaway, Kennaway and Warren (1944b Glutathione content of liver and tumour tissue. for these two groups is 1.61 mg. per g. fresh liver, and is in good agreement with the values obtained by other workers for rats subsisting on stock diets. Thus Thompson and Voegtlin (1926) hours. The latter workers used a stock diet closely resembling the one employed in the present series of experiments.
The rats injected with 1:2:5:6-dibenzanthracene had a significantly higher glutathione content in their livers than the control animals; there was no difference in glutathione content of animals receiving and not receiving choline in the drinking water. A raising of glutathione content of the liver is not likely to be due to the existence of the tumour, since it has been observed that glutathione content is lowered when Flexner-Jobling carcinoma, rat sarcoma (Voegtlin and Thompson, 1926) , Walker carcinoma and Philadelphia sarcoma (Woodward, 1935) are transplanted; this depression of glutathione content is thought to be due to inanition (Toennies, 1947) . In this connection it may be observed that one of our rats had a large parasitic cyst of the liver, and in this instance the glutathione content was 1-01 mg. per g. liver. The only authors recording a rise in liver glutathione content are Fujiwara, Nakahara and Kishi (1938) , who found average values of 2.43 mg. per g. liver with a transplantable hepatoma.
A direct action of 1:2:5:6-dibenzanthracene five months after the last injection can be excluded, since Berenblum and Kendal (1936) have shown for the mouse, and Jones, Dunlap and Gogek (1944) have shown for the rat that this carcinogenic hydrocarbon is fairly rapidly eliminated. This suggests that the raised glutathione content of liver is the result of late general changes resulting from injections of the carcinogen. This may be compared with the failure of other workers, mentioned in the introduction, to obtain changes in liver glutathione concentration shortly after injection of 1:2:5:6-dibenzanthracene.
The observations that choline administration does not affect the glutathione content of liver and tumour tissue is interesting in view of the high phospholipid content and turnover of tumour tissue, especially in the case of the cholinecontaining lecithins (Jacobi and Baumann, 1942) .
Ascorbic acid content.
There is obviously no differences in the ascorbic acid content of the livers of the normal animals not given choline and of the livers of the injected animals, whether given choline or not. The lower ascorbic acid content of the livers of normal animals receiving choline in their drinking water is not significant (P: 0.1-0.05), but might be worthy of further investigation in larger groups of animals.
The ascorbic acid content of the tumour tissue did not differ for rats fed choline and rats not fed choline.
There does not appear to be any relationship between the ascorbic acid content and glutathione content of the different tumours, nor is there any relationship between the ascorbic acid content of the liver and tumour or between glutathione content of the liver and tumour for individual animals.
SUMMARY.
(1) The glutathione and ascorbic acid content of the liver and tumour tissue has been examined in a group of rats five months after the last of three injections of 2-5 mg. 1:2:5:6-dibenzanthracene in 0.5 ml. of tricaprylin given at 2-monthly intervals.
(2) In comparison with a control group of rats maintained on the same diet for an equal length of time the livers of the tumour-bearing rats contained significantly more glutathione, but the ascorbic acid content was not notably different in the two groups. The giving of choline to some of the injected rats did not have any effect on the ascorbic acid or glutathione content of their livers or tumours.
(3) There was no relationship between the ascorbic acid and glutathione content of the tumour tissue and of the liver in individual animals. THE effect of X-radiation in producing malignant growth in man was found soon after X-rays were introduced into general use in medicine. In 1909 eleven cases were reported in England (Rowntree, 1909) . The tumours occurred after repeated exposures over a long period and they were preceded by dermatitis. They appeared on the parts of the skin directly exposed to the rays, and it was therefore concluded that the radiation absorbed in superficial layers was responsible for these changes. In animal experiments Bloch (1924) produced epitheliomata of the rabbit's ear with large doses of X-rays only, and X-rays were found to provoke malignant changes when applied to inflamed tissue in rabbits (Lacassagne and Vinzent, 1929; Lacassagne, 1933; Burrows, Mayneord and Roberts, 1937; Burrows and Clarkson, 1943) . In combination with other carcinogenic agents, e.g. tar (Castiglioni, 1927) or carcinogenic hydrocarbons (Mayneord and Parsons, 1937) , X-rays accelerated the appearance and the growth of tumours in mice. Although in these combinations both agents were acting on the skin, it was considered that the effect of X-rays was partly direct, in stimulating the cells involved in cancer production, and partly indirect, in breaking down the defence mechanism of the body. Russ, Chambers, Scott and Mottram (1919) 
